Abstract
INTRODUCTION
Oesophageal cancer is one of the most lethal malignancies worldwide. In the Western world, the incidence of oesophageal adenocarcinoma is rising and is the fastest growing cause of cancer mortality [1] . Survival rates have improved with modern multimodal treatment protocols based on curative surgery. Extensive lymphadenectomy is considered to have a better outcome, since the disease is associated with early lymphatic spread [2] [3] [4] . As a prognostic factor, tumour, node and metastasis staging remains the gold standard, whereas, the location, length, grade and histology of the tumour are less significant [5] . Current recommendations, according to preoperative T-stage, suggest removal of at least 10-30 lymph nodes [6, 7] . The best approach for a high nodal yield is transthoracic [4] ; however, it is associated with significant morbidity [8] . To overcome this, minimally invasive oesophagectomy (MIO) was developed and gradually adopted [9] and has reduced the hospital stay and overall morbidity [10] , without compromising long-term results [4] . However, formal lymphadenectomy is challenging in MIO and the lymph node yield can be below the minimum recommendation [11] .
In experienced centres, the lymph node yields in open and minimally invasive surgery are similar [12] . However, there is variability in the minimally invasive lymphadenectomy techniques that needs to be optimized [11] . Previously, radiocolloid tracers have been evaluated for the detection of tumour-associated sentinel lymph nodes with limited success, especially in advanced oesophageal cancer [13] . Near-infrared (NIR) imaging has been successfully used intraoperatively for lymphatic mapping in skin, lung and breast cancers [14] [15] [16] . Two previous studies presented the feasibility of NIR imaging in early stage oesophageal cancer [17] and nodal involvement [18] , but there are no studies reporting the potential of intraoperative lymphatic mapping in advanced disease including lymph node stations outside the standard resection field.
The aims of the current feasibility study were to assess the potential of NIR imaging during MIO in patients with locally advanced distal oesophageal cancer, to evaluate whether the imaging could detect lymphatic stations most likely containing the nodal metastases and to determine whether these metastases could be detected outside the minimally invasive en bloc lymphadenectomy field.
MATERIALS AND METHODS

Patients
The study included 6 consecutive patients (4 males and 2 females) with distal oesophageal cancer (3 adenocarcinomas and 3 squamous cell carcinomas) operated between April and August 2016 in Central Finland Central Hospital. The median age of the patients was 69 years (range 64-75). The preoperative diagnostic protocol included endoscopy, endoscopic ultrasound, body computed tomography (CT) and positron emission tomography (PET)-CT. The tumour, node and metastasis staging and baseline information are provided in Table 1 . Of the 6 patients, 5 underwent neoadjuvant therapy, including either chemo-or chemoradiation. Intended chemotherapy cycle consisted of a single dose of epirubicin (50 mg/m 2 ) and cisplatin (60 mg/m 2 ), and 5-fluorouracil 200 mg/m 2 /day for 21 days. Three cycles were given preoperatively and 3 postoperatively. Chemoradiotherapy included paclitaxel (50 mg/m 2 ) and carboplatin (180-300 mg) for 4 cycles, and 23 fractions of radiation, total 41.4 Gy. Therapy was interrupted in 2 patients due to adverse events (thrombocytopaenia in Patient IV and dysphagia, ileus, weight loss in Patient V). Operation was performed after 6-week recovery period. Patients were re-staged before surgery either with CT (n = 2) or PET-CT (n = 4) according to primary fludeoxyglucose avidity of the tumour. Only high fludeoxyglucose avid tumours were re-staged by PET-CT. Patient VI was originally diagnosed with liver metastases in August 2014. He had a complete liver response after several cycles of chemotherapy (Epirubicin, Oxaliplatin, Capecitabine [EOX] ). Due to persistent local disease and a lasting liver response after radiotherapy, this patient underwent oesophagectomy almost 2 years after the diagnosis of liver metastases. To evaluate the effects of NIR imaging on surgical time, intraoperative bleeding and outcome, we included 6 consecutive control patients with locally advanced disease and need for neoadjuvant therapy who underwent MIO due to distal oesophageal cancer (5 males, 1 female; 6 adenocarcinomas) after neoadjuvant therapy just before our study group. Of these, 2 had neoadjuvant chemotherapy and 4 chemoradiation. All these patients received scheduled treatment with no significant adverse effects. The median age of these patients was 63 years (range 56-76).
Surgical resection and the extent of lymphadenectomy
All patients were scheduled to undergo minimally invasive Ivor Lewis oesophagectomy with en bloc lymphadenectomy. Surgery itself was performed with 3D optics, NIR signal of each lymph node station was detected with separate fluorescence imaging system (see below). The extent of lymphadenectomy is summarized in Table 2 . The pericardial-diaphragmatic groove is included in our standard resection field. Ligation and resection of the thoracic duct is part of the open 2-field lymphadenectomy but not included in minimally invasive en bloc resection.
Lymphatic mapping with intraoperative nearinfrared imaging
Indocyanine green (ICG) dye (Pulsion Medical Systems AG, Feldkirchen, Germany) with a fluorescence emission wavelength ranging from 800 nm to 830 nm was used for lymphatic mapping. The ICG dye (25 mg) was first diluted with 5 ml of sterile water. Then, 0.5 ml of this solution was mixed with 10 ml of sodium chloride (0.9%), resulting in a concentration of 0.25 mg/ml. One millilitre of ICG solution was injected endoscopically under direct visualization in the submucosa of 4 quadrants just millimetres proximally and distally from the primary tumour, with a total of 8 ml of solution used for each patient. In patients with complete response to neoadjuvant therapy, ICG was injected in a similar manner proximally and distally to that scar or healed ulcer kind of lesion evident early after this kind of response. The optimal amount or concentration of ICG dye has not been clearly defined. Overall doses up to 25 mg have been used in gastric cancer [19] , but the adequate dose seems to be below 5 mg [20] . Therefore, we chose to give the overall dose of 2.0 mg. With a standard dose of less than 2 mg/kg, adverse effects have been rare [21] . Intraoperative NIR fluorescence images were acquired with the endoscopic NIR/ICG fluorescence imaging system (Karl Storz, Tuttlingen, Germany). For optimal visualization of the lymphatic vessels, the blue NIR signal was merged with the normal visual light image. During the operation, 23 previously determined lymphatic stations (Table 2) were systematically observed for the NIR signal and registered in study forms. The NIR-positive stations outside the en bloc resection area in the upper abdomen or mediastinum (8 stations) were also removed for histological analysis. The nomenclature for the nodal stations was modified from the Japanese Classification [22] . The separation of nodal stations from the removed en bloc specimen was performed by the surgeons on the back table with standardized protocol.
Pathological analysis
Paraffin-embedded oesophageal samples were analysed by a gastrointestinal pathologist according to the normal standardized protocol without pre-existing knowledge of possible NIR signalling.
Statistical analysis
Comparisons of age, operation time, lymph node yield, intraoperative bleeding, intensive care unit stay, postoperative hospital stay and tumour distance from the incisors were compared with the Mann-Whitney U-test between the 6 study patients and control patients due to skewed distributions. Analyses were performed using IBM SPSS Statistics for Windows (version 22.0; SPSS, Chicago, IL, USA).
Informed consent was received from the participating patients. The study was approved by the Central Finland Hospital district. T3N0  CT   b   33  0  T3N0  40  II  OAC  T3N0  CRT   d   35  3  T3N2  32  III  OSCC   c   T3N1  CRT  17  1  T0N1  37  IV  OSCC  T3N1  CRT  32  0  T1bN0  33  V  OSCC  T3N0  CRT  35  0  T3N0  35  VI  OAC  T3N3M1   e   CRT  30  15  T3N3  35  Controls  VII  OAC  T3N0  CRT  29  0  T1aN0  28  VIII  OAC  T3N0  CRT The standard minimally invasive en bloc lymphadenectomy area is indicated for both thoracic and abdominal cavities. Lymph node stations outside this area are presented separately. The Japanese classification of oesophageal cancer was used for station numbers (see Fig. 2 ). 
RESULTS
Intraoperative lymphatic mapping with nearinfrared imaging
In patients with performed NIR imaging, median operation time was longer (396 vs 341 min; P = 0.026) and lymph node yield higher (33 vs 21; P = 0.041) when comparing with the control patients. Comparisons of measured variables during treatment are presented in Table 3 . Thirty and 90-day mortality rates were 0%. At the beginning of the operation, the NIR signal at the in situ injection site was detectable in all patients. The NIR positivity was clearly visualized in the lymphatic stations (Fig. 1) 15 min after injection. During dissection, extravasation of the ICG dye occurred. This did not influence the assessment of NIR-positive lymph nodes since excess dye could be removed with suction.
Near-infrared positivity
We detected ICG staining in all studied patients both in the abdominal and in the thoracic cavities with large variations according to different lymph node stations ( Table 2 , Fig. 2 ). No adverse events were detected (anaphylaxis, rash or bleeding related to dye injection). The mean number of NIR-positive regions was 2.8 (range 0-5) of the total 12 studied stations in the abdomen, and 3.7 (range 1-6) of the total 11 stations in the thorax cavity. The NIR-positive stations in the en bloc area were most frequently detected paraoesophageally in the lower mediastinum (100%), cardia (83%), region of the left gastric artery (67%) and celiac axis (50%). The pericardial-diaphragmatic groove was positive for NIR signal in 50% of the patients (Table 2 , Fig. 2 ). Three patients had detectable NIR positivity in regions outside the normal en bloc lymphadenectomy area, most frequently in the paraoesophageal tissue just above the azygous arch (50%; Fig. 1 ).
Lymph node metastases
The total number of resected lymph nodes in patients with performed NIR imaging was 182 (mean 30 per patient, SD 6.8, range [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Of these, 74 were from the abdominal and 108 from the thoracic cavity. The majority of lymph nodes were removed with standard en bloc lymphadenectomy (n = 168). As part of the study protocol, 14 lymph nodes were removed from NIR-positive regions outside the resection area. Nineteen nodal metastases were found in 3 patients (Table 2 ). Of these, 9 were from NIR-positive and 10 from NIR-negative stations. Nine of these NIR-negative nodes were from Patient VI, who was operated on almost 2 years after being diagnosed with metastatic disease. 
DISCUSSION
In this patient series, we demonstrated the use of NIR imageguided lymphatic mapping in patients with advanced stage oesophageal cancer undergoing MIO. Intraoperative NIR imaging visualized lymph nodes and lymphatic vessels, providing a visual guide and assistance for lymphadenectomy. Abdominal NIRpositive lymph nodes were observed in 5 of the 6 patients and thoracic lymph nodes in all the 6 patients, suggesting that lymphatic spread of oesophageal cancer can be characterized intraoperatively.
There are multiple pathways for lymphatic drainage of the oesophagus, starting already from the submucosa spreading transversely through the muscular layer and longitudinally up (cervical lymph nodes) and down (abdominal lymph glands) [23] . In distal (Siewert type II and III) cancer, metastatic lymph nodes have been observed more often than in Siewert type I [24] , and squamous cell carcinoma seems to cause earlier lymphatic spread than adenocarcinoma [25] . Variations in lymphatic tumour spread depend on the location and histology of the tumour, making it difficult to determine the optimal extent of the lymphadenectomy [6, 22] . In previous descriptions, proportions of lymphatic metastases were most abundant in the cardia region (up to 37%), perigastric (36%), coeliac axis (19%), thoracic paraoesophageal (30%) and subcarinal (10%) stations [26] . Feith et al. [24] described lymphatic drainage in Siewert type II and III adenocarcinomas with incidences of metastases >10% at the lymph node stations of the cardia region, lesser curvature and coeliac trunk, but rare involvement of mediastinal lymph nodes. In the 6 patients studied here, the observed distribution of lymph node drainage was rather similar compared with previous studies; although, there was more frequent NIR positivity in the thoracic cavity (Table 2, Fig. 2 ). Outside the traditional en bloc resection area, NIR positivity was observed in paraoesophageal tissue above the azygous arch in 3 patients (50%). Two of these patients presented with nodal metastases. In Patient III, this was the only detected lymph node involvement and would have been missed if NIR imaging was not performed. The pericardialdiaphragmatic groove is not systematically included in the resection field in minimally invasive series [11] . In our study, this area was NIR positive in 50% of the patients, with 1 patient having metastatic disease. In the abdominal cavity, lymph node stations outside the en bloc field were always NIR negative. This suggests that, unlike in gastric cancer [27] , lymphatic flow from the oesophagus does not reach the distal stations of the greater curvature, pylorus, splenic hilum or hepatoduodenal ligament, although larger studies are needed to confirm this finding.
Minimally invasive procedures have gained popularity during recent years. A systematic review with 17 retrospective studies compared minimally invasive procedures (both abdomen and thorax), hybrid operations (thoracoscopy or laparoscopy) and open oesophagectomy for distal oesophageal cancer [4] . This study showed the highest lymph node yield was acquired in minimally invasive (17 nodes) procedures compared with hybrid (16) and open procedures (10), but no difference was observed in 5-year survival. In a recent meta-analysis, evaluating 48 studies, MIO was superior compared with open procedures in terms of in-hospital mortality and pulmonary complications [28] . Also, overall morbidity is lower in minimally invasive procedures [10] . Furthermore, quality of life is better 6 weeks and more than a year after surgery [12, 29] . Currently, rather weak but growing evidence supports the superiority of minimally invasive procedures. The learning curve, variability in the surgical technique and the inadequacy of lymph node retrieval are potential drawbacks of MIO [11] . With NIR imaging, lymphatic flow and stations most likely containing metastatic disease may be detected. In our study, NIR-positive stations contained only 9 of the 19 metastatic lymph nodes. Of the 10 NIR-negative metastases, 9 were in Patient VI with liver metastases 2 years before surgery and operated on only due to complete liver response and persistent oesophageal disease after several courses of chemotherapy and a full dose of radiotherapy. The NIR imaging in this patient could be unreliable due to obstruction of the lymphatic system caused by higher dose radiotherapy, tumour spreading, the long lag time between the start of therapy and surgery or a combination of these factors. Larger studies are needed to clarify the sensitivity of NIR imaging. Overall, the role of different neoadjuvant therapies on the nodal metastatic pattern is unclear. As in our study, in oesophageal adenocarcinoma, the recommended mode of neoadjuvant therapy can be either chemo-or chemoradiotherapy [30] . In one relatively small study, both therapies decreased the number of lymph node metastases without differences in the localization pattern of these metastatic nodes [26] .
Our study is the first to report the results of intraoperative NIR imaging in patients with regional nodal metastases in multiple Table 2 ). Station numbers were modified from the Japanese classification of oesophageal cancer [22] .
locations, including stations outside the standard resection field. Previously, 2 studies reported the use of NIR imaging in patients with oesophageal cancer during oesophagectomy [17, 18] . In both studies, the patients underwent MIO, but their aim was to evaluate the potential use of NIR imaging inside the standard resection field. In our study, 3 patients were diagnosed with nodal metastases. Of these patients, 2 had NIR-positive nodal disease outside the en bloc resection field. Distinguishing of NIR-positive nodes with or without metastatic disease was not possible with NIR imaging but required histological analysis. According to our results, NIR imaging could be beneficial in parallel with standard 2-field lymphadenectomy to identify patients in need of tailored extensions of the lymphadenectomy. A limited lymphadenectomy based on sentinel lymph nodes seems insufficient, at least in patients with locally advanced disease, since skip metastases seem to be common. The use of NIR imaging extended the operation time by 55 min in our patients. With technical development, NIR imaging can be merged with a 3D camera and the change of optics can be avoided, resulting in minimal extra time.
In conclusion, NIR imaging can be useful for detecting lymphatic stations most likely presenting with metastatic disease in patients undergoing MIO. According to our results, the pericardial-diaphragmatic groove should be routinely included in the minimally invasive en bloc resection area, as in open surgery. As occasionally suggested, paraoesophageal tissue above the azygous arch can also be an important location for lymphatic spread. More studies are needed to confirm the promising utilization of NIR imaging in oesophageal cancer surgery.
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